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Introduction
Haber process, discovered in early 20th century, is still so far the most efficient method of nitrogen fixation on an industrial scale. In Haber's process, high pressure and high temperature are required for the conversion of atmospheric nitrogen into ammonia. Thus, there is a huge amount of energy consumption to maintain high pressure and high temperature. There has been continuous efforts for finding more efficient methods, but without success. Since metalloenzymes that catalyze difficult chemical reactions have been found to consist of clusters containing transition metal atom at their active sites, several studies have been carried out exploring the possibility of breaking the triple bond of nitrogen molecule on transition metal clusters [1, 2, 3, 4] . Roy et al. [3] have studied the adsorption of nitrogen molecule on model lithium clusters employing density functional theory (DFT) method using hybrid-GGA B3LYP functional. They have found that a minimum of 8-atom lithium cluster is required for the complete cleavage of triple bond of dinitrogen. DFT study by Yadav and Mookerjee [4] shows that the global minimum structures of dimer, trimer and tetramer clusters of tantalum adsorb nitrogen molecule in a dissociative manner.
Experimental study by Mitchell et al. [2] shows that nitrogen gets adsorbed on the gas phase clusters of tungsten (W n , n<15) as a precursor state for dissociation. The adsorption of nitrogen on supported metallic clusters is important for the application point of view and as such several reports exist for adsorption on supported clusters as well [5, 6, 7] . Avenier et al. [5] have reported the dissociation of dinitrogen on an isolated tantalum atom supported on a silica surface. As predicted by Mitchel et al. [2] , the XPS and XAES studies by Yamaguchi and Murakami [6] show that W 5 cluster supported on HOPG surface indeed adsorbs molecular nitrogen, which is precursor for dissociation.
Recently, Murakami and Yamaguchi [7] reported the reduction of N 2 to NH 3 by tungsten clusters supported on graphite surface, and further suggested that such reduction of N 2 to NH 3 via hydrogenation mechanism could mimic the process of nitrogen fixation shown by nitrogenase.
In this paper, we have explored a different approach for nitrogen fixation.
Unlike the adsorption by free cluster or supported cluster we have studied adsorption and dissociation by MgO(100) surface doped with 5d transition metals (Ta, W and Re). Due to its favorable properties like high melting point, simple structure and easy preparation in ultra high vacuum, MgO(100) surface is a popular choice as a model catalytic surface [8, 9, 10] . Moreover, MgO is highly abundant, non toxic and environment friendly.
Computational Details
The calculations have been carried out using a DFT (density functional theory) based code, Vienna ab initio Simulation Package (VASP) [11, 12] . The projector augmented wave (PAW) based potentials with Perdew-Burke-Ernzerhof (PBE) exchange correlation functional [13, 14] 
Results and Discussions
Before investigating the case of N 2 adsorption on transition metal (TM) doped MgO surface, we first investigated N 2 adsorption on a clean MgO(100) surface. We considered four different starting geometries as shown in Fig. 1 .
In none of these cases, chemisorption of N 2 either in molecular or dissociated form was found. This result is contrary to the case of H 2 adsorption on MgO surface [15] . The formation energies for TM (Ta, W and Re) dopants at Mg site on MgO(100) surface were calculated using the relation: 
Ta doped Color codes for atoms are same as in Fig. 2 .
With the presence of a single TM dopant, the N 2 molecule lacks the favorable situation for dissociation. Thus, we aim to explore N 2 adsorption on MgO surface doped with two TM atoms. At first we examined energetics of two different geometries of doping 2 TM atoms at Mg sites on the MgO(100) surface: In the case of horizontal configuration, the N 2 molecule gets completely dissociated and gets adsorbed as atomic nitrogen on the two TM atoms for Ta on Ta and W doped cases. The spontaneous dissociative adsorption has also been found for Fe(111) surface [21] . However, in the case of Re doping, N 2 gets adsorbed without a complete cleavage as shown in Fig. 3(k) . In order to understand why dissociative adsorption occurs for horizontal configuration in the cases of Ta and W, but not in the case of Re, we carried out
Bader charge analysis of the optimized horizontal configuration for Re doping.
We then carried out self consistent static calculations for Ta and W doped cases 
Summary
From detailed DFT calculations, we have found that both monodoped and 
